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ABSTRACT
We present a spectroscopic component analysis of 18 candidate young, wide, non-
magnetic, double-degenerate binaries identified from a search of the Sloan Digital Sky Sur-
vey Data Release 7 (DR7). All but two pairings are likely to be physical systems. We show
SDSS J084952.47+471247.7 + SDSS J084952.87+471249.4 to be a wide DA + DB binary,
only the second identified to date. Combining our measurements for the components of 16
new binaries with results for three similar, previously known systems within the DR7, we
have constructed a mass distribution for the largest sample to date (38) of white dwarfs in
young, wide, non-magnetic, double-degenerate pairings. This is broadly similar in form to
that of the isolated field population with a substantial peak around M∼0.6M⊙. We identify
an excess of ultra-massive white dwarfs and attribute this to the primordial separation distri-
bution of their progenitor systems peaking at relatively larger values and the greater expansion
of their binary orbits during the final stages of stellar evolution. We exploit this mass distri-
bution to probe the origins of unusual types of degenerates, confirming a mild preference for
the progenitor systems of high-field-magnetic white dwarfs, at least within these binaries, to
be associated with early-type stars. Additionally, we consider the 19 systems in the context of
the stellar initial mass-final mass relation. None appear to be strongly discordant with current
understanding of this relationship.
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1 INTRODUCTION
A substantial proportion of stars reside in binary or multiple stellar
systems (e.g. Duquennoy & Mayor 1991; Fischer & Marcy 1992;
Kouwenhoven et al. 2005, 2007). Empirical determinations of the
stellar binary fraction as a function of primary mass and of the
binary mass ratio and orbital period distributions inform theories
of the star formation process (e.g. Zinnecker 1984; Pinfield et al.
2003; Parker & Reggiani 2013). Moroever, studies of close sys-
tems, with orbital periods of a few days or less, can yield important
dynamical determinations of masses and radii which lend them-
⋆ E-mail: richardbrucebaxter@gmail.com
selves to arguably the most stringent examinations of models of
stellar structure (e.g. Huang & Struve 1956; Maxted et al. 2004;
Clausen et al. 2008). Wide, spatially resolved, binary systems
where the components are separated by 100–10000AU and have
generally evolved essentially as single stars (e.g. Andrews et al.
2012), are also of significant interest, since they are, in effect,
miniature versions of open clusters, the traditional but often rather
distant testbeds for refining our theories of stellar evolution (e.g.
Barbaro & Pigatto 1984; Nordstroem et al. 1996; Casewell et al.
2009; Kalirai & Richer 2010; Casewell et al. 2012).
By considering observational constraints on the stellar binary
fraction across a broad range of primary masses, from the late-F/G
stars (57% Duquennoy & Mayor 1991) to the numerically domi-
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Figure 1. A plot of the cumulative number of observed pairings that meet
our photometric selection criteria (filled grey circles) and are expected for
a random on-sky distribution of objects (black line) as a function of angu-
lar separation. A crude estimate of the proportion of physical systems as
a function of angular separation is also shown (dashed line). For angular
separations of 30 arcsec or less, roughly 90% of candidates are likely to be
physical binaries.
nant low mass M dwarfs (26%, Delfosse et al. 2004), Lada (2006)
has highlighted that the majority of stars reside in single stellar sys-
tems. However, since only those stars of the Galactic disk with
M>∼1M⊙ have had sufficient time to evolve beyond the main-
sequence, around half or more of the members of the field white
dwarf population presumably must have once been part of mul-
tiple systems. Miszalski et al. (2009) determine that around least
12–21% of planetary nebulae have close binary central stars, while
Holberg et al. (2008, 2013) have concluded that at least 25-30% of
the white dwarfs within 20pc of the Sun are presently part of binary
systems, with around 6% being double-degenerates. The systems
at the short end of the double-degenerate period distribution are of
substantial astrophysical relevance since a subset may ultimately
evolve to Type Ia supernovae (e.g. Yoon et al. 2007). Widely sep-
arated double-degenerates are also of interest for setting limits on
the age of the Galactic disk through the white dwarf luminosity
function (Oswalt et al. 1996) and for investigating the late-stages
of stellar evolution, in particular the heavy mass-loss experienced
on the asymptotic giant branch, as manifest through the form of
the stellar initial-mass final-mass relation (e.g. Finley & Koester
1997). Additionally, when a wide double-degenerate harbours an
unusual or peculiar white dwarf (e.g. a high field magnetic white
dwarf), measurements of the parameters of the normal component
can be used to investigate its fundamental parameters and origins,
either directly or potentially statistically (e.g. Girven et al. 2010;
Dobbie et al. 2012, 2013).
Here we begin to build the foundations for a statistical ap-
proach by presenting the mass distribution for what is by far the
largest spectroscopically observed sample (38) of non-magnetic
white dwarfs residing in young, wide, double-degenerate systems,
to date. In subsequent sections we describe our photometric identi-
fication of 53 candidate young, wide, binary systems from a search
of the Sloan Digital Sky Survey (SDSS) data release 7 (DR7,
Abazajian et al. 2009) and discuss our new spectroscopic follow-up
and analysis of the components of 18 of these systems and detail
our assessment of their physical reality. We assemble a mass distri-
bution for the components of the systems we find to have a strong
likelihood of being binaries and those of three previously identified
wide double-degenerates within the DR7 footprint. We compare
this to that of isolated field white dwarfs and discuss the similari-
ties and the differences. We demonstate how this mass distribution
can be used to probe the origins of unsual degenerates, in this case
high-field-magentic white dwarfs (HFMWDs). Finally, we explore
the 19 non-magnetic binary systems within the context of our cur-
rent understanding of the form of the stellar initial mass-final mass
relation.
2 THE INITIAL SELECTION OF CANDIDATE YOUNG,
WIDE, DOUBLE-DEGENERATES FROM THE SDSS
DR7
An initial search for candidate, young, wide, white dwarf + white
dwarf binaries was conducted using photometry obtained from the
SDSS DR7 database (e.g. Baxter 2011). The SDSS is a deep, wide-
area, five band (u (3551A˚), g (4686A˚), r (6165A˚), i (7481A˚), and
z (8931A˚)) imaging survey of the night sky that is supplemented
by fiber spectroscopic follow-up of select sources (e.g. quasars). A
comprehensive description of this impressively large project can be
found in York et al. (2000), while full details of the DR7, which
is of particular relevance to the present work, are provided by
Abazajian et al. (2009). In brief, the 7th data release includes imag-
ing for an area of 11 663 square degrees (a substantial proportion
of which is centered on the northern Galactic cap) and catalogues
357 million unique sources down to 5σ photometric limits at u, g,
r and i of 22.3, 23.3, 23.1 and 22.3 mag., respectively. The imaging
was acquired with a drift scan technique in seeing of better than 1.5
arcsec, so the median full width half-maximum of the point spread
function (PSF) is approximately 1.4 arcsec at r. The re-constructed
SDSS images have pixels which are 0.396 arcsec on a side.
As is evident from Figure 1 of Harris et al. (2003) the pho-
tometric band passes of the SDSS and the colours which can
be derived from them are rather effective at discriminating hot
(Teff>8000–9000K), generally young, white dwarfs from the bulk
of the field main sequence stars which dominate colour-magnitude
and colour-colour diagrams. We selected from DR7 (using an SQL
query) all point sources flagged as photometrically clean with
r 6 20.0, u− g > −0.7, u− g 6 0.5, g− r > −0.7, g− r 6 0.0
and r − i < 0.0, which have another object satisfying these colour
and magnitude criteria within 30 arcsec. In drawing up these cri-
teria we crudely appraised the likely contribution of chance stellar
alignments to our sample of candidate binaries. We compared the
cumulative number of observed pairings with separations of less
than 60 arcsec to that predicted for a random on-sky distribution
of objects by Equation 1 (Struve 1852), where N is the number of
sources satisfying the photometric selection criteria (N=36231) in
area A (square degrees, A=11663) and ρ is the maximum projected
separation (degrees),
n(6 ρ) = N(N − 1)πρ2/2A (1)
On this basis we anticipate approximately 90% of the pair-
ings with separations of less than 30 arcsec to be physical systems
(Figure 1), although we note our estimate neglects the variations of
Galactic latitude within the sample and that a sizeable proportion
of sources around u−g = 0.0−0.5, g−r = −0.2−0.0 are likely
to be quasars. Additionally, we considered that the atmospheres of
cooler white dwarfs (ie. Teff<∼8000K) are significantly more dif-
ficult to model reliably due to the emergence of more physically
c© 2009 RAS, MNRAS 000, 1–19
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Table 1. Survey designation, SDSS designation, photometric data and observed angular separations for the candidate double-degenerate systems (CDDS) we
have identified. Candidates for which we have obtained new resolved spectroscopy (Spec follow-up = Y) and objects for which a spectroscopic analysis exists in
the literature (Spec follow-up = L), are labelled. White dwarfs included in Baxter (2011) (B) and those with SDSS DR7 spectroscopy (italics) are also highlighted.
CDDS ID SDSS Spec u g r i SDSS u g r i Sep.
(Desig.) (Desig.) follow-up (/mag.) (/mag.) (/mag.) (/mag.) (Desig.) (/mag.) (/mag.) (/mag.) (/mag.) (/arcsec)
CDDS1 J000142.84+251506.1 17.81(0.02) 17.79(0.02) 18.16(0.02) 18.45(0.02) J000142.79+251504.0 19.16(0.19) 18.70(0.16) 19.01(0.16) 19.32(0.17) 2.16
CDDS2 J002925.28+001559.7 20.02(0.05) 19.59(0.02) 19.59(0.02) 19.68(0.02) J002925.62+001552.7 18.91(0.03) 18.48(0.01) 18.53(0.02) 18.65(0.02) 8.64
CDDS3B J005212.26+135302.0 Y 17.79(0.02) 17.71(0.03) 17.98(0.02) 18.24(0.02) J005212.73+135301.1 19.35(0.03) 18.89(0.03) 18.92(0.02) 19.05(0.02) 6.78
CDDS4 J011714.48+244021.5 19.94(0.03) 19.63(0.02) 19.77(0.02) 20.06(0.03) J011714.12+244020.3 20.29(0.04) 19.83(0.02) 19.96(0.02) 20.16(0.03) 5.05
CDDS5 J012726.89+391503.3 19.16(0.03) 18.70(0.02) 18.83(0.02) 19.01(0.02) J012725.51+391459.2 20.35(0.06) 19.99(0.02) 19.99(0.02) 20.07(0.03) 16.55
CDDS6B J021131.51+171430.4 Y 17.36(0.12) 17.26(0.09) 17.65(0.07) 17.87(0.08) J021131.52+171428.3 16.60(0.02) 16.71(0.02) 17.08(0.01) 17.40(0.01) 2.04
CDDS7 J022733.09+005200.3 20.03(0.05) 19.62(0.02) 19.69(0.02) 19.80(0.03) J022733.15+005153.6 20.30(0.06) 19.86(0.02) 19.91(0.02) 19.99(0.03) 6.72
CDDS8B J033236.86-004936.9 Y 15.32(0.01) 15.64(0.02) 16.09(0.02) 16.41(0.02) J033236.60-004918.4 18.64(0.03) 18.20(0.02) 18.30(0.02) 18.45(0.02) 18.91
CDDS9 J054519.81+302754.0 Y 20.19(0.05) 19.82(0.02) 19.96(0.02) 20.10(0.03) J054518.98+302749.3 20.05(0.05) 19.64(0.02) 19.80(0.02) 19.97(0.03) 11.72
CDDS10 J072147.38+322824.1 18.18(0.02) 18.07(0.01) 18.17(0.01) 18.28(0.01) J072147.20+322822.4 18.76(0.08) 18.32(0.06) 18.34(0.06) 18.44(0.06) 2.77
CDDS11D2 J074853.07+302543.5 Y 17.41(0.07) 17.59(0.05) 17.88(0.05) 18.49(0.12) J074852.95+302543.4 17.57(0.05) 17.59(0.04) 17.96(0.04) 18.24(0.03) 1.50
CDDS12 J075410.53+123947.3 19.19(0.09) 18.78(0.06) 18.99(0.08) 19.22(0.07) J075410.58+123945.5 19.22(0.04) 18.86(0.05) 18.99(0.04) 19.25(0.04) 2.00
CDDS13 J080212.54+242043.6 19.87(0.04) 19.54(0.02) 19.78(0.02) 20.01(0.03) J080213.44+242020.9 20.23(0.04) 19.84(0.02) 20.00(0.02) 20.19(0.03) 25.85
CDDS14 J080644.09+444503.2 Y 18.54(0.02) 18.14(0.02) 18.32(0.01) 18.54(0.02) J080643.64+444501.4 19.18(0.02) 18.74(0.02) 18.82(0.01) 18.94(0.02) 5.09
CDDS15 J084952.87+471249.4 Y 16.64(0.02) 16.77(0.02) 17.08(0.02) 17.35(0.02) J084952.47+471247.7 18.14(0.14) 17.77(0.08) 17.79(0.06) 18.04(0.07) 4.37
CDDS16 J085915.02+330644.6 Y 18.27(0.02) 18.01(0.02) 18.34(0.02) 18.59(0.02) J085915.50+330637.6 19.07(0.03) 18.70(0.02) 18.87(0.02) 19.04(0.02) 9.29
CDDS17 J085917.36+425031.6 Y 19.37(0.03) 18.94(0.05) 19.01(0.02) 19.08(0.02) J085917.23+425027.4 18.83(0.02) 18.38(0.04) 18.53(0.02) 18.70(0.02) 4.39
CDDS18∗ J092513.18+160145.4 L 17.07(0.09) 17.12(0.08) 17.52(0.06) 17.83(0.06) J092513.48+160144.1 16.07(0.02) 16.14(0.02) 16.55(0.01) 16.88(0.02) 4.51
CDDS19D1 J092647.00+132138.4 Y 18.74(0.03) 18.40(0.03) 18.46(0.05) 18.60(0.04) J092646.88+132134.5 18.46(0.02) 18.34(0.02) 18.39(0.02) 18.50(0.02) 4.35
CDDS20 J095458.73+390104.6 20.31(0.05) 19.86(0.02) 19.95(0.03) 19.95(0.03) J095459.97+390052.4 17.96(0.02) 17.69(0.02) 18.02(0.02) 18.29(0.02) 18.87
CDDS21 J100245.86+360653.3 19.42(0.03) 19.04(0.02) 19.09(0.02) 19.16(0.03) J100244.88+360629.6 19.32(0.03) 18.92(0.02) 19.01(0.02) 19.09(0.03) 26.53
CDDS22D3 J105306.13+025052.5 Y 19.57(0.04) 19.14(0.02) 19.28(0.02) 19.51(0.03) J105306.82+025027.9 19.37(0.03) 18.98(0.02) 19.18(0.02) 19.37(0.03) 26.60
CDDS23 J113928.52-001420.9 19.84(0.04) 19.42(0.02) 19.52(0.02) 19.71(0.03) J113928.47-001418.0 20.13(0.07) 19.80(0.06) 19.85(0.06) 19.93(0.08) 2.95
CDDS24 J115030.12+253210.1 20.43(0.05) 19.95(0.02) 19.97(0.02) 20.05(0.04) J115030.48+253206.0 19.30(0.03) 18.86(0.02) 19.09(0.02) 19.29(0.02) 6.38
CDDS25 J115305.54+005646.1 18.42(0.02) 18.89(0.02) 19.38(0.02) 19.62(0.03) J115305.47+005645.8 18.50(0.02) 18.91(0.02) 19.34(0.02) 19.78(0.03) 1.22
CDDS26B J115937.81+134413.9 Y 18.45(0.03) 18.07(0.02) 18.12(0.02) 18.16(0.02) J115937.82+134408.7 18.42(0.03) 18.28(0.02) 18.52(0.02) 18.75(0.03) 5.18
CDDS27D3 J122739.16+661224.4 Y 17.72(0.02) 17.86(0.02) 18.13(0.02) 18.44(0.02) J122741.05+661224.3 18.23(0.02) 17.99(0.02) 18.21(0.02) 18.46(0.02) 11.43
CDDS28 J131012.28+444728.3 17.88(0.01) 17.84(0.02) 18.02(0.01) 18.23(0.02) J131013.38+444717.8 17.95(0.01) 17.59(0.02) 17.85(0.01) 18.11(0.02) 15.71
CDDS29B J131332.14+203039.6 Y 18.13(0.02) 17.80(0.02) 17.98(0.01) 18.19(0.02) J131332.56+203039.3 17.86(0.02) 17.48(0.02) 17.69(0.01) 17.91(0.02) 5.93
CDDS30 J131421.70+305051.4 Y 18.59(0.10) 18.20(0.08) 18.22(0.09) 18.31(0.09) J131421.50+305050.5 18.23(0.04) 17.86(0.04) 17.88(0.05) 18.01(0.06) 2.76
CDDS31B J132814.28+163151.5 Y 16.34(0.02) 16.27(0.02) 16.63(0.02) 16.99(0.02) J132814.36+163150.9 17.75(0.27) 17.65(0.23) 17.74(0.19) 17.84(0.15) 1.32
CDDS32 J135713.14-065913.7 Y 18.94(0.04) 19.25(0.02) 19.76(0.02) 20.18(0.04) J135714.50-065856.9 18.58(0.04) 18.16(0.02) 18.35(0.02) 18.54(0.02) 26.29
CDDS33D1 J150746.48+521002.1 Y 17.14(0.02) 16.91(0.03) 17.29(0.01) 17.55(0.02) J150746.80+520958.0 17.98(0.02) 17.76(0.03) 18.06(0.01) 18.33(0.02) 5.05
CDDS34 J151508.30+143640.8 Y 18.38(0.02) 18.00(0.02) 18.20(0.01) 18.47(0.02) J151507.90+143635.4 19.76(0.03) 19.63(0.02) 19.88(0.02) 20.19(0.03) 7.90
CDDS35 J154641.48+615901.7 19.07(0.03) 18.63(0.02) 18.75(0.02) 18.93(0.02) J154641.79+615854.3 17.16(0.02) 16.89(0.02) 17.17(0.02) 17.42(0.02) 7.64
CDDS36 J155245.19+473129.5 Y 18.79(0.02) 18.71(0.02) 19.06(0.02) 19.36(0.03) J155244.41+473124.0 19.21(0.04) 18.99(0.03) 19.30(0.02) 19.61(0.03) 9.65
CDDS37 J162650.11+482827.9 19.72(0.03) 19.62(0.02) 19.94(0.03) 20.20(0.04) J162652.12+482824.7 19.14(0.02) 18.98(0.01) 19.30(0.02) 19.59(0.02) 20.22
CDDS38 J163647.81+092715.7 18.13(0.02) 17.72(0.01) 17.93(0.01) 18.18(0.01) J163647.33+092708.4 19.98(0.04) 19.54(0.02) 19.54(0.02) 19.66(0.03) 10.12
CDDS39 J165737.90+620102.1 18.72(0.02) 18.65(0.01) 18.98(0.03) 19.23(0.02) J165734.39+620055.9 18.88(0.02) 18.53(0.01) 18.76(0.02) 18.99(0.02) 25.47
CDDS40B J170355.91+330438.4 Y 19.16(0.02) 18.81(0.01) 18.86(0.01) 18.97(0.02) J170356.77+330435.7 18.48(0.02) 18.16(0.01) 18.27(0.01) 18.42(0.02) 11.16
CDDS41 J173249.57+563900.0 19.35(0.03) 18.95(0.02) 19.12(0.02) 19.35(0.02) J173249.32+563858.8 18.99(0.04) 19.12(0.05) 19.27(0.06) 19.47(0.04) 2.36
CDDS42 J175559.57+484359.9 19.04(0.03) 19.21(0.02) 19.39(0.02) 19.43(0.02) J175558.35+484348.8 18.02(0.02) 17.68(0.01) 17.90(0.01) 18.17(0.02) 16.41
CDDS43 J204318.96+005841.8 18.51(0.03) 18.24(0.02) 18.42(0.01) 18.59(0.02) J204317.93+005830.5 18.96(0.03) 18.59(0.02) 18.75(0.01) 18.94(0.02) 19.13
CDDS44 J211607.27+004503.1 18.60(0.02) 18.67(0.01) 18.89(0.01) 19.11(0.02) J211607.20+004501.3 19.43(0.10) 18.96(0.07) 19.05(0.09) 19.28(0.06) 2.06
CDDS45 J213648.79+064320.2 18.07(0.02) 17.94(0.02) 18.24(0.01) 18.48(0.02) J213648.98+064318.2 19.72(0.04) 19.35(0.02) 19.39(0.03) 19.50(0.02) 3.44
CDDS46 J214456.12+482352.9 19.19(0.03) 18.74(0.01) 18.83(0.02) 19.02(0.02) J214457.39+482345.5 19.81(0.05) 19.49(0.02) 19.49(0.02) 19.64(0.03) 14.67
CDDS47 J215309.89+461902.7 18.15(0.02) 17.72(0.01) 17.90(0.01) 18.05(0.01) J215308.90+461839.1 18.88(0.03) 19.08(0.01) 19.36(0.02) 19.56(0.02) 25.68
CDDS48B J222236.30-082808.0 Y 16.68(0.02) 16.41(0.02) 16.67(0.03) 16.92(0.03) J222236.56-082806.0 17.56(0.03) 17.11(0.07) 17.30(0.07) 17.47(0.06) 4.29
CDDS49+ J222301.62+220131.3 L 15.66(0.01) 15.60(0.01) 15.91(0.01) 16.22(0.01) J222301.72+220124.9 16.37(0.01) 16.01(0.03) 16.20(0.03) 16.46(0.01) 6.56
CDDS50B J222427.07+231537.4 Y 17.53(0.02) 17.15(0.02) 17.36(0.02) 17.47(0.02) J222426.91+231536.0 18.22(0.08) 17.77(0.07) 17.92(0.07) 17.94(0.06) 2.64
CDDS51† J224231.14+125004.9 L 16.48(0.01) 16.23(0.02) 16.50(0.01) 16.74(0.02) J224230.33+125002.3 16.83(0.01) 16.50(0.02) 16.75(0.01) 16.97(0.02) 12.13
CDDS52D3 J225932.74+140444.2 Y 19.02(0.03) 18.57(0.02) 18.68(0.01) 18.85(0.02) J225932.21+140439.2 16.16(0.02) 16.36(0.01) 16.78(0.01) 17.12(0.01) 9.14
CDDS53 J233246.27+491712.0 18.76(0.02) 18.64(0.01) 18.91(0.01) 19.16(0.02) J233246.23+491709.1 19.02(0.06) 18.76(0.04) 19.04(0.04) 19.31(0.05) 2.96
∗ PG 0922+162A+B (Finley & Koester 1997)
+ HS 2220+2146A+B (Koester et al. 2009)
† HS 2240+1234 (Jordan et al. 1998)
B Preliminary analysis presented in Baxter (2011)
D1,D2,D3 DA + DAH pairings discussed in (Dobbie et al. 2012, 2013) and Dobbie et al. (in prep), respectively.
complex sources of opacity (Koester 2010). Moreover, by restrict-
ing our sample to relatively conservative faint magnitude limits we
maintain the advantage that our sources can be followed-up spec-
troscopically on an 8m class telescope in reasonable integration
times (e.g. about 15min in photometric conditions, or 2h in poor
weather conditions).
The resulting 91 candidate systems were visually inspected
using the SDSS finder chart tool to weed out a substantial
number of spurious pairings attributable to blue point-like de-
tections within nearby galaxies, which our contamination es-
timate above does not account for. To identify further po-
tential contaminants we also cross correlated our candidates
against the SDSS DR7 quasar list of Schneider et al. (2010). Our
cleaned sample includes 53 candidate systems and recovers the
three previously known double-degenerate binaries, PG 0922+162
(Finley & Koester 1997), HS 2240+1234 (Jordan et al. 1998) and
WD 222301.62+220131.3 (Koester et al. 2009) within the DR7
footprint. Details of all 53 candidates are listed in Table 1.
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Table 2. Summary of our spectroscopic observations, including telescope/instrument combination and exposure times, of the candidate young, wide, double-
degenerates within the SDSS DR7 imaging (RA=0–12h).
ID SpT SDSS Telescope/Instrument Exposure Nexp
CDDS3-A DA J005212.73+135301.1 WHT + ISIS 2400s 5CDDS3-B DA J005212.26+135302.0
CDDS6-A DA J021131.52+171428.3 GEM-N + GMOS 2000s 3CDDS6-B DA J021131.51+171430.4
CDDS8-A DA J033236.86-004936.9 VLT + FORS 600s 2CDDS8-B DA J033236.60-004918.4
CDDS9-A DA J054519.81+302754.0 GTC + OSIRIS 2400s 3CDDS9-B DA J054518.98+302749.3
CDDS14-A DA J080644.09+444503.2 GTC + OSIRIS 600s 3CDDS14-B DA J080643.64+444501.4
CDDS15-A DB J084952.87+471249.4 GTC + OSIRIS 240s 3CDDS15-B DA J084952.47+471247.7
CDDS16-A DA J085915.50+330637.6 GTC + OSIRIS 600s 3CDDS16-B DA J085915.02+330644.6
CDDS17-A DA J085917.36+425031.6 GTC + OSIRIS 900s 3CDDS17-B DA J085917.23+425027.4
CDDS18-A∗ DA J092513.48+160144.1 Koester et al. (2009)CDDS18-B∗ DA J092513.18+160145.4
CDDS26-A DA J115937.82+134408.7 VLT + FORS 600s 2CDDS26-B DA J115937.81+134413.9
∗ PG 0922+162A+B (Finley & Koester 1997)
3 SPECTROSCOPY
3.1 Observations and data reduction
While SDSS DR7 spectroscopy is available for objects in 18 of our
systems (highlighted in italics in Table 1), it often covers only one
of the sources in a pairing (e.g. CDDS 40, Kleinman et al. 2013),
or, where the component angular separation is less than the diam-
eter of the SDSS fibres (3 arcsec), it provides a blend of the en-
ergy distributions of the two objects (e.g. CDDS 11, Dobbie et al.
2013; Kepler et al. 2013). Therefore, to confirm or otherwise the
degenerate nature of both components of the candidate binaries in
Table 1 and to determine their fundamental parameters, we have
acquired our own spatially resolved low-resolution optical spectro-
scopic observations with a range of facilities, as described below.
As much of this spectroscopy was acquired in queue scheduling
mode under less than optimum sky conditions, many of the sys-
tems we have followed-up are from the brighter half of our sample
and have angular separations that are greater than 2 arcsec. There is
some minor overlap between our observations and the SDSS spec-
troscopy (CDDS 8-A + B, CDDS 26-B, CDDS 30-B and CDDS 40-
A) and the results of the Kleinman et al. (2013) analyses of these
DR7 datasets can serve as a useful check on our work.
For bona-fide degenerate objects, we have used our new spec-
troscopic data to determine the dominant elemental component
of their atmospheres and whether or not they harbour a substan-
tial magnetic field. In this work we have focused on the non-
magnetic white dwarfs and have measured their effective temper-
atures and surface gravities by comparing suitable absorption fea-
tures within their spectra (e.g. H-Balmer lines) to the predictions
of modern model atmospheres. Spectroscopically observed pair-
ings with at least one strongly magnetic component are analysed
elsewhere (e.g. CDDS11, CDDS19, CDDS22, CDDS27, CDDS33,
CDDS52, Dobbie et al. 2012, 2013, Dobbie et al. in prep.). The
five different telescopes we have sourced spectroscopy from are:
the William Herschel Telescope (WHT) and the Gran Telescopio
Canarias (GTC), both located at the Roche de las Muchachos Ob-
servatory on La Palma, Gemini-North at the Mauna Kea Observa-
tory on Hawaii, Gemini-South at Cerro Pachon in Chile and the
Very Large Telescope (VLT) Antu located at the European South-
ern Observatory’s (ESO) Cerro Paranal site in Chile. Details of the
observations obtained with each facility are provided below:
• Spectra of CDDS3, CDDS40 and CDDS50 were acquired in
visitor mode with the WHT and the double-armed Intermediate dis-
persion Spectrograph and Imaging System (ISIS) on the nights of
2008 July 24–25 and 2011 September 5. These observations were
conducted when the sky was clear, with seeing ∼0.6-0.9 arcsec.
The spectrograph was configured with a 1.0 arcsec slit and the
R300B (λ/δλ≈1300) grating on the blue arm. The long exposures
necessary to reach good signal-to-noise were broken down into sev-
eral integrations of typically 1800s (see Table 2), and were acquired
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Table 2. Summary of our spectroscopic observations, including telescope/instrument combination and exposure times, of the candidate young, wide, double-
degenerates within the SDSS DR7 imaging (RA=12–24h).
ID SpT SDSS Telescope/Instrument Exposure Nexp
CDDS29-A DA J131332.56+203039.3 VLT + FORS 300s 2CDDS29-B DA J131332.14+203039.6
CDDS30-A DA J131421.70+305051.4 VLT + FORS 600s 2CDDS30-B DA J131421.50+305050.5
CDDS31-A DA J132814.36+163150.9 VLT + FORS 300s 2CDDS31-B DA J132814.28+163151.5
CDDS32-A DA J135714.50-065856.9 VLT + FORS 600s 1CDDS32-B sdO J135713.14-065913.7
CDDS34-A DA J151508.30+143640.8 GTC + OSIRIS 1800s 3CDDS34-B DA J151507.90+143635.4
CDDS36-A DA J155245.19+473129.5 GTC + OSIRIS 900s 3CDDS36-B DA J155244.41+473124.0
CDDS40-A DA J170356.77+330435.7 WHT + ISIS 1800s 7CDDS40-B DA J170355.91+330438.4
CDDS48-A DA J222236.56-082806.0 GEM-S + GMOS 1800s 3CDDS48-B DA J222236.30-082808.0
CDDS49-A+ DA J222301.72+220124.9 Koester et al. (2009)CDDS49-B+ DA J222301.62+220131.3
CDDS50-A DA J222427.07+231537.4 WHT + ISIS 1200s 2CDDS50-B DA J222426.91+231536.0
CDDS51-A† DA J224231.14+125004.9 Koester et al. (2009)CDDS51-B† DA J224230.33+125002.3
+ HS 2220+2146A+B (Koester et al. 2009)
† HS 2240+1234 (Jordan et al. 1998)
using the 2×1 and 1×1 binning modes of the E2V CCD dur-
ing the 2008 and 2011 runs, respectively. The data frames were
debiased and flat fielded using the IRAF procedure CCDPROC.
Cosmic ray hits were removed using the routine LACOS SPEC
(van Dokkum 2001). Subsequently, the spectra were extracted with
the APEXTRACT package and wavelength calibrated by compari-
son with a CuAr+CuNe arc spectrum taken immediately before and
after the science exposures. The removal of remaining instrument
signature from the science data was undertaken using observations
of the bright DC white dwarfs WD 1918+386 and EG131.
• Spectra of CDDS8, CDDS26, CDDS29, CDDS30, CDDS31
and CDDS32 were obtained in visitor mode with VLT Antu and
the Focal Reducer and low dispersion Spectrograph (FORS2). A
full description of the FORS2 instrument may be found on the ESO
webpages1. These observations were conducted on the nights of
2010 February 6–7 and 2013 February 10–11. The sky conditions
were fair to good at the time of these observations. All data were
acquired using the 2×2 binning mode of the E2V CCD and the
600B+24 grism. A 1.3 arcsec wide and a 1.0 arcsec wide slit were
used for the 2010 and 2013 observations, respectively, providing
1 http://www.eso.org/instruments/fors2/
notional spectral resolutions of λ/δλ∼600 and λ/δλ∼800. The data
were reduced and extracted with IRAF routines, as per the ISIS
spectra, and wavelength calibrated by comparison with a He+HgCd
arc spectrum obtained within a few hours of the science frames.
Remaining instrument signature was removed from the science data
using observations of the bright DC white dwarf LHS2333.
• Spectra of CDDS6 and CDDS48 were obtained in ser-
vice mode with the Gemini multi-object spectrograph (GMOS)
mounted on the Gemini-North and Gemini-South telescopes dur-
ing semesters 2009B (July 25) and 2010A (May 11), respectively.
These observations were conducted when the sky conditions were
relatively poor (image quality 85% and cloud cover 90%). The data
were acquired using the 4×4 binning mode of the EEV CCD, a 2.0
arcsec wide slit and the B600 grating tuned to a central wavelength
of 4100A˚. The notional resolution of these spectra is λ/δλ∼600.
The data were reduced and extracted using routines in the GEMINI
IRAF software package. A wavelength solution for these data was
obtained with a CuAr arc spectrum obtained within hours of the
science frames, while residual instrument signature in the science
data was removed using observations of the bright DC white dwarfs
WD 1918+386 (North) and WD 0000-345 (South).
• Spectra of CDDS9, CDDS14, CDDS15, CDDS16, CDDS17,
CDDS34 and CDDS36 were acquired in service mode with the
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Figure 2. Low resolution optical spectroscopy for the components of candidate binary systems in the range RA=0–12hr. These data have been normalised by
dividing by the median flux in the interval λ=4180 – 4220A˚.
GTC and the Optical System for Imaging and low Resolution In-
tegrated Spectroscopy (OSIRIS) during semester 2013A. A de-
tailed description of the OSIRIS instrument is provided on the
GTC webpages 2. Our observations were performed when sky con-
ditions were less favourable (seeing≈1.2–1.5 arcsec and spectro-
scopic transparency), using the 2×2 binning mode of the EEV
CCD. With the R1000B grating, inconjunction with a 1.2 arcsec
wide slit, we achieved a notional spectral resolution of λ/δλ≈500.
The data were reduced and extracted with IRAF routines as per the
2 http://www.gtc.iac.es/instruments/osiris/osiris.php
ISIS spectra. Wavelength calibration was performed by comparing
these to a Hg + Ne arc spectrum acquired within a few hours of the
science frames. Particular care was taken to include the 3650.1A˚
HgI line at the very blue limit of our spectral coverage in our arc
wavelength solution. Remaining instrument signature from the sci-
ence data was removed using observations of the bright DC white
dwarf WD 1918+386.
The spectroscopic observations are summarised in Table 2.
We noted above that three of our candidate double-degenerate
systems have been the subjects of previous spectroscopic
studies, PG 0922+162 (Finley & Koester 1997), HS 2220+2146
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Figure 2. Low resolution optical spectroscopy for the components of candidate binary systems in the range RA=12–24hr. These data have been normalised by
dividing by the median flux in the interval λ=4180 – 4220A˚.
(Koester et al. 2009) and HS 2240+1234 (Jordan et al. 1998).
Throughout the rest of this work we adopt the parameters mea-
sured from a high-spectral resolution Koester et al. (2009) in-
vestigation of the components of these three pairings. We re-
affirm their results for HS 2220+2146 from our measurements of
a low-resolution Gemini-N/GMOS spectrum (Teff=19020±438 K,
log g=8.37±0.07 and Teff=13950±321 K, log g=8.07±0.07 for
SDSS J222301.62+220131.3 and SDSS J222301.72+220124.9, re-
spectively).
4 DATA ANALYSIS
4.1 White dwarfs, effective temperatures, surface gravities
and distances
Our optical spectroscopy (Figure 2) reveals through the presence
of broad H-Balmer line series, that the overwhelming majority of
the objects we have followed-up are white dwarfs with hydrogen-
rich atmospheres (DAs). As discussed in companion papers, all the
non-magnetic white dwarfs in six additional spectroscopically ob-
served pairings harbouring a strongly magnetic component, also
appear to have hydrogen dominated atmospheres (e.g. Dobbie et al.
2012, 2013). The spectrum of one object in our sample, CDDS15-
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A (SDSS J084952.87+471249.4), features strong, pressure broad-
ened, HeI lines, consistent with if being a degenerate with a helium
dominated atmosphere (DB). The energy distribution of CDDS32-
B (SDSS J135713.14-065913.7) appears to be that of an evolved
subdwarf star (sdO) which is likely to be located at a distance of
several kiloparsec (compared to only several hundred parsec for
the white dwarf CDDS32-A). Consequently, the CDDS32 pairing
is not considered further.
We have measured the effective temperatures and surface
gravities of the DAs by comparing the observed lines, H-8 to H-β,
to a grid of synthetic profiles based on recent versions of the plane-
parallel, hydrostatic, local thermodynamic equilibrium (LTE) at-
mosphere and spectral synthesis codes ATM and SYN (e.g. Koester
2010). These models include an updated physical treatment of
Stark broadening of HI lines (Tremblay & Bergeron 2009). The
effective temperature and surface gravity of the DB (CDDS15-A)
has been measured by comparing the normalised observed energy
distribution within the wavelength range 3750-5150A˚, to a grid of
similarly normalised synthetic spectra. These were also generated
using ATM and SYN, in this case tuned for the treatment of helium
rich atmospheres. Our model fitting was undertaken with the spec-
tral analysis package XSPEC (Shafer 1991) as described in pre-
vious work (e.g. Dobbie et al. 2009). The errors in our parameter
determinations have been calculated by stepping that in question
away from its optimum value until the difference between the two
values of the fit statistic (∆χ2), corresponds to 1σ for a given num-
ber of free model parameters (e.g. Lampton et al. 1976). However,
as these are only formal (internal) estimates of the errors on ef-
fective temperature and surface gravity, and may underestimate the
true uncertainties, we have assumed their magnitudes to be at least
2.3% and 0.07dex, respectively, for the DA stars (Napiwotzki et al.
1999) and at least 2.3% and 0.05dex, respectively, for the DB type
objects (Bergeron et al. 2011). In cases where the fitting provided
two solutions for the effective temperature of a star, we compared
its observed photometry to synthetic colours (e.g. Bergeron et al.
1995) to break the degeneracy.
The results of our analysis procedure are listed in Table 3. As
can be seen from Figure 3, our measurements of these parameters
for the five objects that are common to both the DR7 white dwarf
catalogue and our spectroscopic follow-up are generally accordant
with those of Kleinman et al. (2013). The surface gravity estimates
for CDDS 8-A and CDDS 40-B deviate at around 2σ from the one-
to-one relation. It is conceivable that these differences are statistical
in nature but, considering our observations for both these objects
have provided data of excellent signal-to-noise for the gravity sen-
sitive spectral features, systematic error could also be the cause.
The former object is the hottest white dwarf in our spectroscopic
sample and has relatively weak high order Balmer lines in the wave-
length regime (λ < 4000A˚) where the response of the SDSS spec-
trographs changes shape (decreases) rapidly. The effective temper-
ature we measure for CDDS 8-B is also lower by around 500K than
the Kleinman et al. (2013) determination, yet both the SDSS data
and our spectrum for this object provide strong signal-to-noise cov-
erage of the potent temperature diagnostic Balmer lines e.g. Hγ and
Hβ. We discuss this object in more detail in Section 7.3, but for now
note that it is a pulsating white dwarf.
Subsequently we have derived the absolute r magnitudes of
each white dwarf by interpolating (using cubic-splines) within
grids of modern synthetic photometry 3 to the measured effec-
3 http://www.astro.umontreal.ca/ bergeron/CoolingModels
Figure 3. Plot of our estimates of effective temperature and surface
gravity against the SDSS DR7 spectroscopic based measurements of
Kleinman et al. (2013) for five white dwarfs in common to our spectro-
scopic sample and the DR7 white dwarf catalogue.
Figure 4. Plot of the departures between the wholly spectroscopically de-
rived mass and that derived from the spectroscopic effective temperature
and the SDSS photometry under the assumption that the components lie at
the same distance, for five white dwarfs with Teff<12500K in wide double-
degenerate pairings where the companion stars have Teff>12500K and the
components have highly significant and consistent proper motions (filled
squares, from left to right, CDDS26-B, CDDS8-B, CDDS50-B, CDDS3-
A and CDDS48-A). The increase in the mean spectroscopic mass be-
low Teff<12500K, with respect to the value at Teff>13000K, found by
Tremblay et al. (2011) in their study of the SDSS DR4 white dwarf sample
is also shown (filled hexagons and dashed line).
tive temperature and surface gravity. The He-rich grids, rele-
vant to CDDS15-A, originate from the work of Bergeron et al.
(2011). The H-rich grids, appropriate to the DAs, are based on
the work of Bergeron et al. (1995) but revised to include updates
from Holberg & Bergeron (2006), Kowalski & Saumon (2006) and
Tremblay et al. (2011). Spectroscopically derived effective tem-
peratures and surface gravities are known to lead to systematic
overestimates of DA white dwarf masses at Teff<12500K (e.g.
Kepler et al. 2007; Bergeron et al. 1995). We have adjusted the de-
rived parameters of our affected objects by subtracting mass offsets,
which have been determined from the data points shown in Fig-
ure 19 of Tremblay et al. (2011). These data points have been veri-
fied to provide a fair representation of the systematic overestimate
through examining them with respect to the departures between the
two mass estimates we have made for the subset of our cool de-
generates that are paired with a white dwarf with Teff>12500K,
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ie. the wholly spectroscopic mass estimate and the mass derived
from the spectroscopic effective temperature and the SDSS pho-
tometry under the assumption that the components lie at the same
distance (Figure 4 and next section). Finally, to help appraise the
physical reality of our pairs we have calculated the distance mod-
uli of the white dwarfs, neglecting foreground extinction (Table 3
and Figure 5). Dust maps suggest this is very low along the major-
ity of these Galactic lines of sight (Schlegel et al. 1998). Moreover,
our conclusions are primarily sensitive to differential reddening and
given the angular proximity of our targets, for physical systems this
is likely to be very small.
4.2 Astrometry
To assess further the physical reality of our candidate binaries,
we have performed astrometry on their components. In the ma-
jority of cases we have conducted these measurements with the
positions of sources from the full United States Naval Observa-
tory B1.0 (USNO-B) catalogue (Monet et al. 2003) and from the
SDSS. We have followed a methodology similar to that adopted by
Kraus & Hillenbrand (2007) and the PPMXL survey (Roeser et al.
2010) to shift the former onto the International Celestial Refer-
ence System (ICRS). In brief, we determined the tangent plane
coordinates, ξ and η, corresponding to each photographic epoch,
for all sources within several degrees of our pairs from their cat-
alogued year 2000.0 positions, their tangent plane proper mo-
tions, their fit residuals and the dates of their photographic imag-
ing. We next calculated for each object the celestial coordinates at
the mean USNO epoch and at all photographic epochs (J2000.0)
with the catalogued positions, the tangent plane coordinates for
epoch 2000.0 and routines in STARLINK SLALIB. Subsequently,
we cross-correlated sources brighter than R2=16.5 mag. with ob-
jects listed in the Fourth United States Naval Observatory CCD
Astrograph Catalog (UCAC4 Zacharias et al. 2013) that have low
proper motions (µ<5mas yr−1) and small proper motion uncer-
tainties (∆µ<5mas yr−1). We derived the ICRS positions of the
matched objects at each photographic epoch and finally, estimated
any offsets between these and the USNO-B co-ordinates using a
maximum-likelihood technique.
We calculated absolute proper motions by performing a least-
squares linear fit in each axis to the USNO-B co-ordinates on the
ICRS and the SDSS positions as a function of date, weighting ac-
cording to crude uncertainty estimates of 50 and 230 mas for SDSS
and photographic epochs, respectively (e.g. Kraus & Hillenbrand
2007; Roeser et al. 2010). In this final step we used only astrometry
from photographic images where a visual inspection revealed the
components to be clearly resolved. In cases where there was mild
blending we relied on SEXTRACTOR (Bertin & Arnouts 1996) and
a Mexican hat filter for a more robust discrimination of the com-
ponents and their photocenters. However, several of our pairings
were found to be sufficiently blended in all photographic epochs
that we had to adopt a different approach. In these cases we gener-
ally relied on the SDSS DR7 r band co-ordinates as a first epoch
and positions from additional electronic imaging for the second
epoch. We obtained i band frames for CDDS6A and CDDS31 on
2011 February 12th using the Isaac Newton Telescope and Wide
Field Camera. We extracted positions from J band United Kingdon
Infrared telescope Deep Sky Survey (UKIDSS, Lawrence et al.
2007; Casali et al. 2007; Hewett et al. 2006; Hodgkin et al. 2009;
Hambly et al. 2008) (2010 February 22nd) and Y band Visible
and Infrared Survey Telescope for Astronomy (VISTA, McMahon
2012) (2012 September 9th) imaging for CDDS30 and CDDS48,
respectively. Positions for the components of CDDS50 were ob-
tained from two epochs of SDSS r band imaging separated by ap-
proximately 5 years (2004 September 17th and 2009 October 17th).
We employed routines in the STARLINK SLALIB library to con-
struct six co-efficient linear transforms between the two sets of co-
ordinates for each putative system, iteratively clipping 3σ outliers
from the fits (e.g. Dobbie et al. 2002). Subsequently we determined
relative proper motions by taking the differences between the ob-
served and calculated locations of candidates in the second epoch
imaging and dividing by the time baseline between the two obser-
vations. Astrometric measurements for the components of all spec-
troscopically observed pairs are displayed in Table 3.
4.3 Physical system or chance alignment?
A casual inspection of Figure 5 reveals that our distance modulii
estimates for the components in most pairings overlap with one
and other. Moreover, the white dwarfs in 10 out of the 17 new can-
didate binaries have proper motions that are both significant (µ /
δµ >∼3) and internally consistent, supporting the notion that a size-
able majority of our pairs are physical systems. Only one system,
CDDS 34, displays a large and statistically significant (greater than
5σ) disparity between the distance modulii of its components. Our
astrometric measurements also appear strongly discordant (by 4σ
on the declination axis) for the components of this system. While
we could simply dismiss this one candidate out of hand and accept
the others as bona-fide binary systems, we have attempted to as-
sess the physical reality of all 17 pairs more quantitatively within a
“Naive” Bayesian scheme (e.g. Zheng 1998).
In this approach we adopted the brightest object (at r) in each
pair as a putative primary star and estimated a Bayes factor for two
competing models that can account for the secondary component.
We assumed it could be either a physical companion (C) or a field
white dwarf (F ) such that the sum of the probabilities, P (C), it
is a companion and P (F ), it is a field star, P (C) + P (F ) = 1.
Considering each candidate binary in turn, we first defined a proba-
bility distribution function for the distance of the secondary star,
in the case it is a field white dwarf, P (dist | F ). We divided
the visibility cone in the direction of the pair into a series of thin
slices (out to 1250pc) and integrated the luminosity function of
De Gennaro et al. (2008) over the bolometric magnitude range that
is consistent with our survey limits and the mean distance of each
slice (adopting log g=8.0 white dwarfs and using the synthetic pho-
tometry of the Montreal group to translate between Mbol and Mr)
to obtain estimates of the number of white dwarfs per cubic par-
sec. After factoring in the 300pc Galactic scale height of the white
dwarf population (e.g. Vennes et al. 2002), we multiplied the re-
sulting values by the slice volumes to obtain the number of objects
within each region along the visibility cone. This distribution func-
tion was normalised over the range 0-1250pc, outwith of which it
is effectively zero (due to the magnitude limit of our survey).
Next we defined a probability distribution function for the
proper motion of the secondary star in the case it is a field white
dwarf, P (pm | F ). We obtained absolute proper motions from
the SuperCOSMOS Sky Survey database (Hambly et al. 2001) for
all white dwarfs listed in the SDSS DR7 spectroscopic catalogue
(Kleinman et al. 2013), meeting our photometric selection criteria
and lying within 20◦ of a candidate binary. We modelled the distri-
bution of these proper motions with an asymmetric pseudo-Voigt
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Table 3. Our effective temperature and surface gravity measurements for the components of the wide white dwarf + white dwarf candidate binary systems. The
predicted absolute r magnitudes, distance modulii, masses and proper motions for these objects are also listed. Where deemed necessary, parameters have been
modified to account for the spectroscopic overestimate of mass which occurs at Teff< 12500K (column 4; see text for further details). An assessment of the
physical nature of each pairing has been made by considering a Bayes factor estimated from the distances and the astrometry of the components.
ID Teff log g ∆M Mr r-Mr M µα cos δ,µδ
P (data|C)
P (data|F )
DD?
/K /log10(cms−2) /M⊙ /mag. /mag. /M⊙ /mas yr−1
CDDS3-A 10828±249 8.16±0.07 -0.16 11.87+0.16−0.16 7.05±0.17 0.54±0.06 4.7±4.4, -41.6±4.4 345 √
CDDS3-B 19116±440 7.94±0.07 – 10.96+0.12−0.12 7.02±0.11 0.59±0.04 8.6±4.4, -41.8±4.4
CDDS6-A 24788±570 8.06±0.07 – 10.69+0.11−0.12 6.39±0.12 0.67±0.04 -50.9±18.3, -2.6±10.7 91 √
CDDS6-B 18502±426 8.06±0.07 – 11.19+0.11−0.11 6.46±0.14 0.65±0.04 -34.7±18.3, 3.6±10.7
CDDS8-A 33725±776 7.97±0.07 – 9.90+0.13−0.12 6.19±0.13 0.64±0.04 -31.2±3.2, -23.6±3.2 1395 √
CDDS8-B 10442±240 8.31±0.07 -0.17 12.18+0.17−0.16 6.12±0.17 0.63±0.06 -28.4±3.2, -23.9±3.2
CDDS9-A 11636±410 7.95±0.13 -0.11 11.51+0.24−0.25 8.45±0.25 0.47±0.04 -4.0±3.9, -9.8±3.9 11 √
CDDS9-B 16410±524 7.96±0.11 – 11.25+0.17−0.17 8.55±0.17 0.59±0.05 2.6±4.1, -14.2±3.9
CDDS14-A 12185±280 8.11±0.07 -0.07 11.76+0.15−0.14 6.56±0.15 0.60±0.06 4.0±3.2, -2.1±3.2 130 √
CDDS14-B 10140±233 8.23±0.08 -0.18 12.12+0.18−0.18 6.70±0.18 0.56±0.06 5.6±3.2, -0.4±3.2
CDDS15-A 16992±391 7.84±0.07 – 10.92+0.11−0.11 6.16±0.12 0.51±0.04 -88.0±3.0, -76.9±3.0 >10000 √
CDDS15-B 11127±256 8.08±0.07 -0.14 11.72+0.16−0.16 6.07±0.17 0.51±0.06 -82.3±3.0, -76.5±3.0
CDDS16-A 11032±872 7.94±0.39 -0.15 11.48+0.70−0.90 7.39±0.81 0.42±0.22 3.0±4.1, 3.4±4.1 10 √
CDDS16-B 11837±824 8.21±0.18 -0.10 11.89+0.35−0.40 6.45±0.35 0.63±0.12 -0.8±4.1, -0.3±4.1
CDDS17-A 10074±232 8.46±0.13 -0.18 12.51+0.25−0.24 6.50±0.25 0.71±0.09 15.3±2.9, -15.1±2.9 119 √
CDDS17-B 11083±254 8.23±0.08 -0.15 11.95+0.17−0.17 6.58±0.18 0.60±0.06 14.3±2.9, -9.2±2.9
CDDS26-A 16401±377 8.94±0.07 – 12.93+0.15−0.14 5.59±0.15 1.17±0.03 -19.9±3.0, -42.8±3.0 1266 √
CDDS26-B 9504±219 8.20±0.07 -0.20 12.24+0.18−0.18 5.88±0.18 0.52±0.06 -21.1±3.0, -45.2±3.0
CDDS29-A 12758±293 8.18±0.07 – 11.96+0.11−0.10 5.73±0.11 0.72±0.04 -31.6±2.9, 26.4±2.9 1992 √
CDDS29-B 13072±301 8.41±0.07 – 12.28+0.12−0.11 5.70±0.12 0.87±0.05 -26.8±2.9, 27.8±2.9
CDDS30-A∗ 9203±212 8.14±0.07 -0.18 12.30+0.17−0.18 5.92±0.20 0.50±0.06 -45.3±14.9, 33.5±14.8 125 √
CDDS30-B 10293±237 8.21±0.07 -0.18 12.04+0.17−0.18 5.84±0.18 0.55±0.06 -43.1±14.9, 32.5±14.8
CDDS31-A 14037±323 8.45±0.07 – 12.25+0.12−0.12 5.49±0.22 0.89±0.05 -26.3±27.3, 20.0±12.7 54 √
CDDS31-B 20000±460 8.19±0.07 – 11.27+0.12−0.12 5.36±0.12 0.74±0.04 -50.8±27.3, 22.8±12.7
CDDS34-A 14100±398 7.86±0.07 – 11.37+0.11−0.11 6.83±0.11 0.53±0.04 0.2±3.5, -22.2±3.5 << 1 ×
CDDS34-B 18261±598 7.90±0.12 – 10.98+0.18−0.18 9.00±0.19 0.56±0.07 0.1±3.5, -0.2±3.5
CDDS36-A 18769±432 7.94±0.07 – 10.99+0.11−0.11 8.06±0.11 0.59±0.04 -5.7±4.2, -12.5±4.2 72 √
CDDS36-B 16542±380 7.91±0.07 – 11.16+0.11−0.11 8.14±0.11 0.57±0.04 -7.7±4.2, -7.7±4.2
CDDS40-A 11207±258 8.22±0.07 -0.14 11.93+0.16−0.16 6.34±0.16 0.60±0.06 2.5±3.1, -50.8±3.1 2418 √
CDDS40-B 9888±227 8.42±0.07 -0.19 12.48+0.17−0.16 6.38±0.17 0.68±0.06 1.3±3.1, -50.6±3.1
CDDS48-A 11453±263 8.35±0.07 -0.13 12.11+0.16−0.15 5.19±0.17 0.69±0.06 -2.3±8.4, -29.2±7.4 2530 √
CDDS48-B 15834±364 8.02±0.07 – 11.40+0.11−0.11 5.27±0.11 0.63±0.04 -0.0±8.4, -28.0±7.4
CDDS50-A 12739±293 8.04±0.07 – 11.76+0.10−0.10 5.60±0.11 0.63±0.04 38.3±10.8, -0.9±8.8 126 √
CDDS50-B 10718±247 8.26±0.07 -0.16 12.06+0.16−0.16 5.86±0.18 0.60±0.06 32.8±10.8, -0.9±8.8
† Proper motion measurements are obtained with respect to nearby stars
∗ Possible triple system, dK + WD + WD
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Table 4. Effective temperatures and surface gravities obtained from Koester et al. (2009) for the components of three previously identified wide DA + DA binary
systems. We also list the theoretical absolute r magnitudes, the distance modulii, the masses and the proper motions for these white dwarfs.
ID Teff log g ∆M Mr r-Mr M µα cos δ,µδ
P (data|C)
P (data|F )
DD?
/K /log10(cms−2) /M⊙ /mag. /mag. /M⊙ /mas yr−1
CDDS18-A 23537±541 8.23±0.07 – 11.05+0.12−0.12 5.50±0.12 0.77±0.04 -49.9±9.9, -30.3±9.9 61 √
CDDS18-B 25783±593 9.04±0.07 – 12.39+0.16−0.16 5.12±0.18 1.22±0.03 -33.5±9.9, -34.0±9.9
CDDS49-A 14601±336 8.08±0.07 – 11.62+0.11−0.12 4.58±0.12 0.66±0.04 53.0±3.6, -71.1±3.6 >>10000 √
CDDS49-B 18743±431 8.24±0.07 – 11.45+0.12−0.12 4.46±0.12 0.77±0.04 54.0±3.6, -75.5±3.6
CDDS51-A 15636±360 7.86±0.07 – 11.19+0.11−0.10 6.24±0.11 0.54±0.04 -32.8±3.1, -69.7±3.1 >10000 √
CDDS51-B 13935±321 7.99±0.07 – 11.57+0.11−0.11 6.35±0.13 0.60±0.04 -31.3±3.1, -74.4±3.1
profile4, normalising this function over the range -150 to +150
mas yr−1 on each axis (the distributions are effectively zero be-
yond these limits). For the probability distributions of the distance
and proper motion of the secondary star, in the case it is a compan-
ion white dwarf, P (dist | C) and P (pm | C), respectively, we
adopted normalised Gaussian functions centered on the values ob-
served for the primary component and with widths corresponding
to the uncertainties in these measurements. Similarly, for the con-
ditional probabilities of the observed secondary star distances and
proper motions, P (data | dist) and P (data | pm), we adopted
normalised Gaussian functions centered on the observed values for
the secondary component and with widths matching the uncertain-
ties in those measurements.
P (data | C) =
∫ 1250
0
P (data | dist)P (dist | C)ddist
∫ 150
−150
P (data | pm)P (pm | C)dpm
(2)
P (data | F ) =
∫ 1250
0
P (data | dist)P (dist | F )ddist
∫ 150
−150
P (data | pm)P (pm | F )dpm
(3)
Subsequently, we used equations 2 and 3 to calculate
P (data | C) and P (data | F ), respectively (e.g. Kass & Raftery
1995), for each candidate binary, where the integrals were evalu-
ated by sampling the functions at several thousand points across
their respective ranges. The ratios of these parameters, as listed in
the final column of Table 3, are the approximate Bayes factors of
our models. For un-informative priors (ie. P (C) = P (F ) = 0.5)
they equate to the ratios of the posterior probabilities of the two
models for the secondary, P (C | data) and P (F | data). An
inspection of the Bayes factors in Table 3 reveals that physical as-
sociation of the components is strongly and very strongly favoured
in 2 and 14 pairings, respectively (Jeffreys 1961). Only the pair
we suspected above to be non-physical, CDDS 34, is rated as more
likely to be a chance alignment. Consequently, we do not consider
it further in this work.
4 www.xray.cz/xrdmlread/PseudoVoigtAsym-m
5 WIDE BINARY WHITE DWARF MASSES
5.1 The young, wide, double-degenerate mass distribution
We have expanded our sample of 16 binaries by folding in three
previously known hot, wide, non-magnetic, double-degenerates
that lie within the footprint of SDSS DR7. We have confirmed these
to be physical systems by subjecting their components to the same
analysis we performed on our new candidate binaries (see Table 4).
Subsequently, we have built a mass distribution from the 38 white
dwarfs of this enlarged sample (Figure 6). This distribution is of
importance because it conveys information relating to the initial
mass function of the progenitor stellar population and the stellar
initial-mass final-mass relation (e.g. Ferrario et al. 2005).
While the white dwarf mass distribution has been deter-
mined several times previously, these efforts have been based
on samples dominated by isolated field objects e.g. from the
SDSS DR4 (Kepler et al. 2007) and from the Palomar-Green (PG)
(Liebert et al. 2005) surveys. These distributions are loosely de-
scribed in terms of three peaks, a main one located around
M=0.6M⊙ which arises from the progeny of the numerous F
dwarfs of the Galactic disk, a high mass one centered at M=0.8-
0.9M⊙, often attributed to binary mergers (e.g. Yuan 1992) but
which more recent kinematic work links to early-type stars that
naturally lead to larger remnants (Wegg & Phinney 2012), and a
low mass one stationed around M=0.4M⊙, associated with close
binary evolution and the non-conservative transfer of mass (e.g.
Marsh et al. 1995). It is important to note that in magnitude limited
samples such as those from the PG and the SDSS DR4 surveys,
low and high mass white dwarfs are over and under represented
due to their greater and lesser than average intrinsic luminosities,
respectively (e.g. see Liebert et al. 2005, for a discussion).
It is apparent from Figure 6 that the mass distribution of
our largely magnitude limited sample of young, wide double-
degenerates, also displays a strong peak around 0.6M⊙. Indeed,
we find the mean masses of the 300 PG white dwarfs with
Teff>12500K (we exclude PG0922+162 and do not attempt to ap-
ply our mass corrections at lower temperatures since Liebert et al.
used a previous generation of synthetic spectra) and ours, 0.60M⊙
and 0.65M⊙ respectively, to be comparable. Some of the small dif-
ference in these means is likely attributable to our use of more
modern synthetic H-line profiles (see e.g. Tremblay et al. 2011)
although unlike the mass distribution of the PG white dwarfs,
where there is a prominent peak around 0.4M⊙ and 37 objects
with M<0.5M⊙, our binary sample harbours only two objects
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Figure 5. The derived distance modulii of the white dwarfs in our candidate binaries. The components of all but one system have consistent distances, as
expected for physical binary systems.
with masses that are likely to be M<0.5M⊙. From drawing 10000
random subsamples of 38 white dwarfs from the PG sample, we
estimate the likelihood of there being two or fewer objects with
M<0.5M⊙ in our sample as P∼0.2, suggesting that, for now, the
observed shortfall is not significant. A relative deficit of low mass
objects might become apparent in a larger wide, double-degenerate
sample because it is likely that low mass products of close binary
evolution located in triple degenerate systems will generally be
partnered in wider orbits by white dwarfs of canonical mass. These
have smaller radii and are intrinsically fainter, reducing the influ-
ence of the luminosity bias that operates in favour of the detection
of low mass white dwarfs in isolated samples.
Following the same Monte-Carlo approach applied above, we
find the presence of two white dwarfs amongst our 19 binaries
(CDDS 18-B and CDDS 26-A) which sit well above recent the-
oretical predictions for the minimum mass of ONe core degen-
erates (e.g. M∼1.05-1.1M⊙ , Siess 2007; Gil-Pons et al. 2003)
to represent a significant excess (P∼0.05). In the PG sample
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Figure 6. Normalised mass distribution for our binary white dwarf sample
(heavy dashed line). The normalised mass distribution for the 303 white
dwarfs with Teff>12000K in the Palomar-Green Survey is overplotted (thin
solid line).
only 3 out of 300 objects have masses this large. The forma-
tion of ultra-massive white dwarfs remains a matter of some de-
bate since it is unclear if the putative single super-AGB progenitor
stars (Minit>6M⊙ e.g. Eldridge & Tout 2004; Bertelli et al. 2009)
lose their envelopes sufficiently rapidly to prevent their degener-
ate cores growing until they detonate as electron capture super-
novae. Although the ultra-massive field degenerate GD 50 has been
linked with the recent Pleiades star formation event (Dobbie et al.
2006), it is intriguing that no white dwarfs with masses as large
as these two objects have yet been unearthed within open clus-
ters (Dobbie et al. 2012; Williams et al. 2009). Considering their
masses are distinctly similar to the sum of the masses of two ob-
jects from the main peak in the mass distribution, alternatively,
these white dwarfs might have formed through double-degenerate
merging (e.g. Vennes et al. 1997). While this putative merging
process would likely lead to discord between the cooling times
of the components of these two systems (e.g. see the discussion
relating to RE J0317-853 Ku¨lebi et al. 2010; Ferrario et al. 1997;
Burleigh et al. 1999; Barstow et al. 1995), the fundamental param-
eters of PG 0922+162A and PG 0922+162B (CDDS 18) appear to
fit entirely within the framework of standard stellar evolution (see
Section 6). In the case of CDDS26 coherence between the compo-
nent cooling times is less satisfactory but there is no overwhelm-
ing disparity which flags a more exotic evolutionary history for
CDDS26-A.
More broadly, it is of interest that the majority of the higher
mass stars in our binary sample are paired with each other. The sim-
plest explanation for this favours these objects being the progeny
of early-type stars. The white dwarfs within the peak of the mass
distribution are typically the end points of stars which have reason-
ably long lives on the main sequence (at least several Gyr). The
bulk of companion (higher mass) white dwarfs originating from
early-type stars with relatively short main sequence lifetimes will
have cooled below Teff≈8000-9000K (e.g. 2.5Gyr for 0.9M⊙) and
moved outwith our colour selection region prior to the formation
of a double-degenerate system. It is widely documented that stars
of greater mass are more likely to reside in multiple systems than
those of lower mass. The binary fraction for the lowest mass M
dwarfs is estimated to be only 25-35% (e.g. Delfosse et al. 2004;
Reid & Gizis 1997), while it is found to be around 70% for the
O and B stars (e.g. Sana et al. 2008; Mason et al. 1998). However,
as the binary fraction of the F and G type stars (the progeny of
which dominate the white dwarf mass distribution), is only slightly
lower than this at 50-60% (Duquennoy & Mayor 1991; Abt & Levy
1976), it seems unlikely that gross variations in the binary fraction
with stellar mass can account for the excess of very high mass de-
generates in our study. Alternatively, it could have arisen because
the projected separation distribution of companions to early-type
stars like the progenitors of these white dwarfs is peaked at sev-
eral hundred AU compared to a few tens of AU, as for stars of
later spectral type (De Rosa et al. 2013; Patience et al. 2002). Dur-
ing the final stages of stellar evolution, when the orbits widened,
following Jean’s theorem (e.g. Iben 2000), those of the interme-
diate mass stars expanded by around a factor 5-10 while those of
the F/G stars grew sigificantly less, leaving the peak of the latter
systems at or below the resolution limit of the SDSS imaging data.
This may have been further compounded by the bulk of the near
equal mass progenitor systems, where both components can evolve
beyond the main sequence within a Hubble time, populating the
lower half of the projected separation distribution (De Rosa et al.
2013).
5.2 Applying the non-magentic binary sample to probe the
origins of unusual white dwarfs: the HFMWDs
Around 10% of white dwarfs have a magnetic field with B>1MG,
the HFMWDs. Those with H-rich atmospheres (the majority) are
identified from Zeeman splitting of the pressure broadened Balmer
lines in their optical spectrum. However, the standard spectral tech-
nique applied to determine non-magnetic white dwarf masses (e.g.
Bergeron et al. 1992) does not work well for HFMWDs due to poor
understanding of the broadening from the interaction of the electric
and magnetic fields at the atomic scale. Consequently, mass esti-
mates are available for relatively few HFMWDs and often have
large uncertainties. They reveal these objects to be generally more
massive (∆M ∼ 40%) than their non-magnetic cousins (e.g.
Wickramasinghe & Ferrario 2005; Kepler et al. 2013). The diffi-
culties in determining the parameters of HFMWDs, in particular
their ages, also mean that assessing their origins is problematic.
Short of a detailed statistical analysis of the kinematics of a
large sample of hot white dwarfs, age information can only be
readily accessed for HFMWDs that are members of open clus-
ters or specific types of wide binary systems. During the course
of this work we have unearthed several new hot, wide, magnetic
+ non-magnetic double-degenerate systems (Dobbie et al. 2012,
2013, Dobbie et al. in prep). For each system, we have compared
our estimate of the mass of the non-magnetic component to recent
determinations of the stellar initial mass-final mass relation to infer
a progenitor mass. This has been matched to a grid of solar metal-
licity stellar evolutionary models to determine the stellar lifetime
(Girardi et al. 2000). Subsequently, we have linearly combined this
with the cooling time of the white dwarf to obtain a limit on the
total age of the binary and ultimately a lower limit on the mass of
the companion HFMWD’s progenitor.
However, any selection effects imprinted on our young, wide,
double-degenerate sample, as discussed above, could potentially
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Figure 7. Normalised cumulative mass distribution for our binary white
dwarf sample (black line). The normalised cumulative mass distribution for
the seven DA white dwarfs in magnetic + non-magnetic systems is over-
plotted (grey line).
lead to biased conclusions about the progenitors of HFMWDs, if
these systems are examined only in isolation. The two main com-
peting hypothetical pathways to the formation of HFMWDs should
synthesise them on different timescales since stellar lifetimes are
strongly mass dependent. For example, if they descend primarily
from magnetic Ap/Bp stars (Minit>∼2M⊙ e.g. Angel et al. 1981),
then most will be formed within only a few hundred Myr (ie.
lifetimes of early-F, A and B stars) after the birth of their host
population. Alternatively, if their magnetism is generated by dif-
ferential rotation within gas which envelopes primordial close bi-
naries, either when their primary stars (Minit>0.8M⊙) expand
to giant scale and overfill their Roche Lobes (Tout et al. 2008;
Nordhaus et al. 2011) or during merging of two degenerate rem-
nants (Garcı´a-Berro et al. 2012), the majority of HFMWDs, like
field white dwarfs, will be created several Gyr after the birth of their
progenitor stars (ie. form mainly from the numerically dominant F
and G stars). The mass distribution of any wide degenerate com-
panions to HFMWDs, when compared to that of the non-magnetic
+ non-magnetic white dwarf systems, could provide insight on the
lifetimes of the progenitor stars and thus clues as to which of these
formation pathways is more dominant.
An examination of the component masses in our 19 sys-
tems reveals that in 13 cases both are M<0.7M⊙. In contrast,
out of seven known hot, wide, magnetic + non-magnetic double-
degenerates, only one harbours a non-magnetic white dwarf with
M<0.7M⊙ (that is the five systems discussed in Dobbie et al.
2013, and two more reported in Dobbie et al. in prep, in which
the non-magnetic DA components have masses of 0.76±0.06M⊙ ,
CDDS 22-A, and 0.56±0.04M⊙ , CDDS 27-A). While the masses
of the HFMWDs in these seven binaries may well have been mod-
ified through stellar interactions, the masses of the non-magnetic
DA companions are presumably reflective of the spectral types
of their progenitor stars. Unless some factor has dictated other-
wise (e.g. the evolutionary timescales for the formation of the
HFMWDs), the progenitor stars of these white dwarfs should have
had the same broad distribution in mass as those of the components
of the 19 non-magnetic + non-magnetic double-degenerate binaries
studied here. Adopting this as a null hypothesis, we have drawn
thousands of subsets of seven degenerates randomly from the 19
non-magnetic binary systems. We find that only approximately 10
(100) subsamples per 10000 contain six (five) white dwarfs with
M>0.7M⊙. We have also applied a two-sample Kolmogorov-
Smirnov test to the mass distributions of the seven non-magnetic
companions and the more massive white dwarf components in each
of our 19 binaries. For n1=7 and n2=19, the criticalDcrit values are
0.54 and 0.60 for P=0.1 and P=0.05, respectively. From the cumu-
lative distributions shown in Figure 7 we determine D=0.54, which
rejects at marginal significance the null hypthesis. These findings
suggest these two groups of white dwarfs may have different pro-
genitor mass distributions.
This disparity in these two mass distributions favours a forma-
tion model in which the origins of HFMWDs preferentially involve
early-type stars, although it does not catagorically rule out the hy-
pothesis that they form as a result of stellar interaction. For exam-
ple, it is possible they are born from higher order stellar systems.
Studies of main sequence stars reveal a non-negligible propor-
tion of binaries are in fact higher order systems, principally triples
(∼25%, Raghavan et al. 2010). For reasons of dynamical stability,
the majority of these systems are structured hierarchically, such that
they consist of a relatively close (and potentially interacting) pair
with a tertiary companion in a much wider orbit (e.g. Black 1982;
Tokovinin 1997). Our result would, however, require stars of ear-
lier spectral type to occur more frequently in higher order multiple
systems. Moreoever, as current understanding of the IFMR indi-
cates that stars of earlier spectral-type naturally lead to more mas-
sive white dwarfs, there is less need in this case to invoke merging
to account for the larger than average masses of HFMWDs. Ad-
mittedly, our findings appear difficult to reconcile with the almost
complete absence of HFMWDs in the more than 2000 close, de-
tached white dwarf + main sequence binaries known to date (e.g.
Rebassa-Mansergas et al. 2012; Parsons et al. 2013), particularly
considering the existence of a healthy population of magnetic cat-
aclysmic variables. Precision kinematics for large numbers of hot,
recently formed, field white dwarfs from Gaia (Jordan 2008) will
provide a crucial complementary view on the origins of HFMWDs.
For now, spectroscopic studies of additional young, wide, double-
degenerate systems would be useful to strengthen or refute the trend
discussed above. For example, our initial work could be extended
to include objects from the most recent SDSS coverage and regions
of sky explored by the SkyMapper (Keller et al. 2007) and VST
ATLAS (Shanks & Metcalfe 2012) surveys.
6 THE NON-MAGENTIC BINARY SAMPLE AND THE
IFMR
Our current knowledge about the form of the fundamentally im-
portant stellar initial mass-final mass relation (IFMR) is derived
predominantly from observations of white dwarfs that are mem-
bers of open clusters. Most open cluster studies of the IFMR are
consistent with a monotonic relation with a mild degree of scat-
ter (e.g. Kalirai et al. 2008; Casewell et al. 2009; Williams et al.
2009). Only a modest number of these objects are known to de-
viate substantially from the general trend (e.g. LB 5893, LB 390
in nearby Praesepe cluster Reid 1996; Casewell et al. 2009). How-
ever, potentially the open cluster data could have furnished us with
a biased perspective on the form of the relation. While these data
now span a comparatively broad range of initial mass (Minit≈1.5-
6M⊙), they are still heavily concentrated between Minit=2.8-
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Table 5. Progenitor masses for the white dwarfs, determined from three recent empirical estimates of the form of the IFMR, 1. Dobbie et al.
(2006), 2. Kalirai et al. (2008) and 3. Williams et al. (2009). Stellar lifetimes have been derived from the solar metallicity evolutionary models
of Girardi et al. (2000). We have calculated the difference between the system age derived from component A and the system age derived from
component B. This should be zero for negligible measurement errors and a perfect representation of a monotonic IFMR with no intrinsic scatter.
Where an uncertainty is listed as HT, the calculated error bound extends to or lies beyond a Hubble time. When both bounds are larger than a
Hubble time we flag the estimate as providing no meaningful constraint (NMC). The projected separation of the components of each system
are also shown (rounded to 25AU).
Component IFMR 1 IFMR 2 IFMR 3 Separation
M init/M⊙ ∆System age/Myr M init/M⊙ ∆System age/Myr M init/M⊙ ∆System age/Myr /AU
CDDS3-A 2.25+0.59−0.52 −901+689−2446
1.78+0.46−0.41 −2733+3095−HT
1.93+0.34−0.31 −1419+1369−5973 1725CDDS3-B 1.89+0.67−0.60 1.34+0.63−0.59 1.56+0.50−0.47
CDDS6-A 2.87+0.63−0.55 −155+236−276
2.54+0.48−0.46 −216+463−546
2.57+0.35−0.34 −188+368−412 400CDDS6-B 2.74+0.63−0.54 2.39+0.48−0.45 2.44+0.36−0.34
CDDS8-A 2.62+0.61−0.52 −630+291−515
2.23+0.45−0.42 −736+711−1330
2.31+0.33−0.30 −682+513−755 3225CDDS8-B 2.53+0.71−0.62 2.13+0.63−0.60 2.22+0.50−0.48
CDDS9-A 1.33+0.79−0.73 3380+HT−3157
<1.49 NMC 0.99
+0.68
−0.65 11605+HT−12393 5875CDDS9-B 2.29+0.70−0.62 1.83
+0.64
−0.60 1.97
+0.51
−0.48
CDDS14-A 2.35+0.69−0.61 −618+769−1478
1.91+0.62−0.58 −1250+2485−11131
2.04+0.49−0.47 −671+1143−3637 1075CDDS14-B 2.06+0.70−0.64 1.55+0.66−0.63 1.74+0.53−0.51
CDDS15-A 1.67+0.64−0.59 245+3872−2081
1.08+0.59−0.58 NMC 1.34
+0.47
−0.47 180+HT−5726 725CDDS15-B 1.66+0.53−0.48 1.06
+0.42
−0.39 1.33
+0.31
−0.30
CDDS16-A <2.86 NMC <2.45 NMC <2.52 NMC 1850CDDS16-B 1.60+0.85−0.72 0.99
+0.92
−0.78 1.26
+0.75
−0.65
CDDS17-A 3.19+0.92−0.85 −273+508−809
2.93+1.02−0.99 −834+1043−3731
2.90+0.73−0.74 −639+830−1377 900CDDS17-B 2.30+0.71−0.64 1.85+0.67−0.65 1.99+0.53−0.52
CDDS18-A 3.60+0.70−0.60 46+172−98
3.42+0.52−0.49 96+167−100
3.32+0.37−0.36 114+128−87 525CDDS18-B 7.00+1.01−0.84 7.58
+0.61
−0.58 6.83
+0.31
−0.33
CDDS26-A 6.65+0.98−0.81 −1535+914−5286
7.15+0.62−0.57 −6256+4920−HT
6.47+0.34−0.34 −3163+1842−HT 725CDDS26-B 1.76+0.66−0.61 1.18+0.62−0.60 1.42+0.49−0.47
CDDS29-A 4.34+0.78−0.66 −72+107−204
4.33+0.57−0.53 −176+142−250
4.08+0.40−0.38 −164+120−180 825CDDS29-B 3.22+0.68−0.58 2.96+0.53−0.48 2.93+0.37−0.36
CDDS30-A 1.61+0.66−0.60 946+6381−1472
1.01+0.61−0.59 NMC 1.28
+0.48
−0.47 5495+HT−3009 425CDDS30-B 1.97+0.67−0.61 1.44
+0.62
−0.59 1.64
+0.49
−0.47
CDDS31-A 4.52+0.78−0.68 192+101−179
4.55+0.57−0.54 116+129−213
4.27+0.39−0.39 118+116−165 150CDDS31-B 3.37+0.68−0.59 3.15
+0.53
−0.48 3.09
+0.38
−0.36
CDDS36-A 2.24+0.59−0.51 −313+574−663
1.77+0.46−0.42 −775+1756−3328
1.93+0.34−0.31 −331+820−1343 4025CDDS36-B 2.08+0.58−0.50 1.57+0.45−0.41 1.76+0.33−0.31
CDDS40-A 2.33+0.68−0.62 138+724−393
1.88+0.61−0.60 592+2770−869
2.02+0.49−0.48 437+1123−695 2100CDDS40-B 2.92+0.72−0.65 2.60
+0.64
−0.61 2.62
+0.49
−0.49
CDDS48-A 3.05+0.73−0.66 36+293−397
2.75+0.64−0.62 −294+640−633
2.75+0.49−0.50 −135+470−467 475CDDS48-B 2.54+0.61−0.53 2.13+0.48−0.44 2.23+0.35−0.34
CDDS49-A 2.78+0.64−0.55 401+337−194
2.43+0.50−0.46 623+554−325
2.48+0.36−0.35 550+381−255 525CDDS49-B 3.58+0.70−0.61 3.41
+0.53
−0.50 3.31
+0.38
−0.38
CDDS50-A 2.57+0.62−0.54 −347+360−663
2.17+0.49−0.45 −551+876−2327
2.26+0.36−0.34 −509+687−1017 375CDDS50-B 2.37+0.70−0.62 1.93+0.63−0.59 2.06+0.50−0.48
CDDS51-A 1.86+0.55−0.48 618+1561−594
1.31+0.43−0.41 2800+HT−2540
1.54+0.32−0.31 1265+2768−1119 2200CDDS51-B 2.37+0.60−0.51 1.93
+0.47
−0.43 2.06
+0.35
−0.33
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5M⊙. Moreover, faint candidate white dwarf members of these
populations are generally identified from their location towards the
blue side of colour-magnitude diagrams. Due to the premium on
8m class telescope time any photometrically outlying cluster white
dwarfs e.g. cooler, redder objects located closer to the field star
population, are arguably less likely to be targeted for follow-up
spectroscopic observations. Studies of white dwarfs in wide binary
systems with subgiant and main-sequence stars suggest that there
may be more scatter in the IFMR than indicated by the cluster work
(Catala´n et al. 2008; Zhao et al. 2012; Liebert et al. 2013).
Although our investigation of wide double-degenerate sys-
tems cannot provide data points with the absolute age calibration
necessary for investigating the IFMR in the style of studies of open
cluster white dwarfs or white dwarf + subgiant binaries, they can
still serve as a useful test of its relative form. Hence, we have de-
rived the cooling time for each of our binary white dwarfs, includ-
ing the DB, with the mixed CO core composition “thick H-layer”
evolutionary calculations of the Montreal Group (Fontaine et al.
2001, the cooling time of the DB is largely insensitive to our
choice of H-layer mass). The errors on our estimates are derived
by propagating the uncertainties in effective temperature and sur-
face gravity. We have applied three relatively recent, linear model
estimates of the IFMR and grids of solar metallicity stellar evolu-
tionary models (Girardi et al. 2000) to infer both the masses and the
stellar lifetimes of the white dwarfs’ progenitor stars. These IFMRs
have been derived by different research teams (Dobbie et al. 2006;
Kalirai et al. 2008; Williams et al. 2009) and do not include white
dwarfs with Teff<12500K, the masses of which can be systemat-
ically overestimated (e.g. see Kepler et al. 2007). Next, we have
combined these lifetimes with the degenerate cooling times to ob-
tain two independent determinations of the total age of each system
for each assumed IFMR. Finally we have calculated the differences
between these pairs of age estimates. For negligible measurement
errors and a perfect model of a monotonic IFMR with no intrin-
sic scatter, these should be zero. The uncertainties associated with
these values have been determined following a Monte-Carlo ap-
proach.
Examination of the age discrepancies in Table 5 reveals that
importantly, none of the 19 systems is strongly discordant with
our current understanding of the form of the IFMR. The devia-
tions from zero or no age difference are within 1σ for 11 out of
the 19 systems and less than about 2.1σ for the remaining bina-
ries, suggesting that the dominant contributors to the non-zero val-
ues are the uncertainties on our parameter estimates. Unfortunately
these are generally large, especially at lower initial masses. This
is where the inferred main sequence lifetime is, in an absolute
sense, a strong function of mass, curbing the usefulness of these
systems for this work. For initial masses Minit>∼2.5M⊙ the un-
certainties are typically only a few 100Myr and the parameters of
the bulk of systems here can be comfortably reconciled with any
of the three model IFMRs. This is perhaps not surprising as the
data around which these models are constructed is drawn primar-
ily from Minit>∼2.5M⊙. Third dredge-up is also anticipated to be
rather efficient in this mass regime at preventing further growth
of the degenerate core during thermally pulsing asymptotic giant
branch evolution (e.g. see discussion in Weidemann 2000). Any
factor that can substantially interfere with the mass loss process at
this time, when the radius of a star reaches its maximum (e.g. the
presence of a close companion) is likely to have a relatively minor
impact on the final remnant mass. In comparison, at lower initial
mass, third dredge-up is anticipated to be less efficient, potentially
allowing the core to grow significantly during this phase. Differ-
ences in third dredge-up efficiency, as a function on main sequence
mass, might explain some of the additional scatter reported in pre-
vious wide binary studies of the IFMR. These tend to sample lower
initial masses. However, some of the extra dispersion in the results
of these studies undoubtedly stems from the neglect of the spectro-
scopic overestimate of mass at Teff<12000K.
7 ADDITIONAL NOTES ON SOME SPECIFIC SYSTEMS.
7.1 CDDS15
All new white dwarfs presented here have hydrogen domi-
nated atmospheres, except CDDS15-A which is a DB. Follow-
ing L151-81A/B (Oswalt et al. 1988), CDDS15 is only the sec-
ond wide DA + DB system identified to date. However, a num-
ber of unresolved, presumably close, DA + DB systems are also
known or suspected, including MCT 0128-3846, MCT 0453-2933
(Wesemael et al. 1994), PG 1115+166 (Bergeron & Leggett 2002;
Maxted et al. 2002) and KUV 02196+2816 (Limoges et al. 2009).
The latter two systems have total system masses close to the
Chandrasekar limit (1.4M⊙) but although PG 1115+166 is also
known to be a post common-envelope binary its components are
too widely separated (a∼0.2AU) for it to merge within a Hub-
ble time. CDDS15-A and CDDS15-B are both located on the
lower side of the peak in the field white dwarf mass distribution
and have relatively large tangential velocities (vtan≈90kms−1).
D’Antona & Mazzitelli (1991) have suggested that DBs preferen-
tially form for lower mass progenitors (Minit<2M⊙) where the
very high mass loss rates experienced at the peak of the last
thermal pulse cycle can remove the entire hydrogen surface en-
velope in a very short time. However, at least one helium rich
white dwarf is known which must, because of its membership
of the 625Myr Hyades cluster, have descended from a star with
Minit>2M⊙. L151-81A also appears likely to be the progeny of
a moderately early-type star since from its higher than average
mass (M=0.71M⊙) hydrogen rich degenerate companion, L151-
81B (Teff=10460K, log g=8.43 Gianninas et al. 2011), we infer
an upper limit of τ<∼2Gyr on the age of this system. This corre-
sponds to the lifetime of a Minit>∼1.7M⊙ star. Interestingly, spec-
troscopic surveys of large samples of field white dwarfs have also
found the mean mass of the DBs to be significantly larger than
that of the DA population (e.g. M¯DB=0.67M⊙ and M¯DA=0.63M⊙
Bergeron et al. 2011; Gianninas et al. 2011). In a spectroscopic
analysis of 140 DBs (Teff > 16000K) drawn from the SDSS DR7,
Kleinman et al. (2013) found only one with M <0.55M⊙. Simi-
larly, in a study of 108 relatively bright DBs, Bergeron et al. (2011)
also found only one with a mass this low. It seems that CDDS15-A
is perhaps slightly unusual for its rather low mass. The construction
and the investigation of the properties (e.g. separation and com-
panion mass distributions) of a sample of wide DA + DB binaries
would likely provide additional insight on the evolutionary path-
way that leads to the formation of hydrogen deficient degenerates.
7.2 CDDS30
The components of CDDS30 are separated by approximately 2.8
arcsec, which translates to around 400 AU at the distance we cal-
culate for this system. It is unlikely that these two objects have ever
exchanged mass via Roche Lobe overflow, so their masses, which
are consistent with the lower side of the peak in the field white
dwarf mass distribution, suggest that they are the progeny of main
c© 2009 RAS, MNRAS 000, 1–19
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sequence stars that had comparatively modest masses (M<2M⊙).
We note that this pairing is only 16 arcsec (2400AU at 150pc)
from a relatively bright (B=13.17, V =12.12, J=10.37±0.02,
H=9.94±0.03, Ks=9.82±0.02), late-type star, TYC 2535-524-1,
which the Tycho-2 catalogue (Høg et al. 2000) reveals has a simi-
lar proper motion (µα cos δ = -44.3±3.5 mas yr−1, µδ=30.6±3.5
mas yr−1). Motivated by this, we have performed a crude estimate
of the distance to this star. The optical colours drawn from the
American Association of Variable Star Observers Photometric All
Sky Survey (http://www.aavso.org/apass) appear to be consistent
with a spectral type of K3–K4 (e.g. HD 219134, TW Piscis Austri).
The near-IR colours from 2MASS are indicative of spectral types
K2–K3 (e.g. ǫ-Eridani, HD 219134). We are led to conclude that
TYC 2535-524-1 is approximately K2–4V, which according to a re-
cently published relation between absolute H band magnitude and
spectral type (Kirkpatrick et al. 2012), corresponds to MH≈4.0-
4.6 mag. From the observed H magnitude of H=9.94±0.03 we de-
rive a distance modulus of 5.3–5.9, which is in accord with that we
infer for CDDS30-A and CDDS30-B. Considering the similarities
between these distance estimates and the statistically significant
proper motion measurements, we are led to conclude that there is a
reasonable likelihood that these two white dwarfs and TYC 2535-
524-1 form a triple stellar system. The mass of the main-sequence
star sets a lower limit on the mass of the white dwarfs’ progeni-
tors of M>0.6M⊙. However, a detailed spectroscopic study of the
early-K dwarf, including activity indicators, may provide limits on
the total age of this system (e.g. Mamajek & Hillenbrand 2008) that
can lead to better constaints on the progenitor masses.
7.3 CDDS 8-A and other possible ZZ Ceti stars
At least one system in our survey harbours a white dwarf that has
been confirmed previously as a pulsating ZZ Ceti star. CDDS 8-
A (SDSS J033236.61-004918.4) was first reported as a DA in the
catalogue of spectroscopically identified white dwarfs compiled
from the 1st release of the SDSS data (Kleinman et al. 2004). It
was subsequently shown to be lying within the instability strip and
pulsating with an amplitude of 15.1mma on a period of 767.5s
(Mukadam et al. 2004). As referred to in Section 4.1 we find a
discrepancy of several hundred K between the effective tempera-
ture we measure for this object and that reported by Kleinman et al.
(2013). It is known that systematic uncertainties of this magnitude
in spectroscopic estimates of the atmospheric parameters of ZZ
Ceti white dwarfs can arise if the data are not averaged over several
pulsation cycles (e.g. see Gianninas et al. 2011). Our VLT observa-
tions of this object spanned only 1200s, corresponding to less than
two cycles of the presumably most prominent pulsation mode re-
ported by Mukadam et al. (2004). The two distinct SDSS spectra of
this star also hint at variability in the shape and location of the Hα
line core. This effect is likely due to velocity fields within the pho-
tosphere that result from the pulsational motion (Koester & Kompa
2007).
Considering CDDS 8-A lies on the red edge of the instabil-
ity strip and has an extremely bright, hot, white dwarf companion,
SDSS J033236.86-004936.9, (Noguchi et al. 1980; Wegner et al.
1987; McCook & Sion 1999), from which the distance to and kine-
matics of this system can be stringently constrained, it represents
a particularly interesting system for further study. Aficionados of
pulsating white dwarfs may be interested in a further 10 compo-
nents within our spectroscopic subsample that we have flagged
here on the basis of their effective temperatures as either possible
(CDDS 3-A, CDDS 15-B, CDDS 16-A, CDDS 17-B, CDDS 34-B,
CDDS 40-A), probable (CDDS 29-A, CDDS 48-A, CDDS 50-A) or
highly probable (CDDS 14-A) ZZ Ceti stars. A significant propor-
tion of these objects are brighter than g=18 so could be studied in
more detail on telescopes of relatively modest aperture.
8 SUMMARY
We have presented spectroscopy for the components of 18 can-
didate young, wide, double-degenerates photometrically identified
within the footprint of the SDSS DR7. On the basis of our distance
estimates and our astrometry we have concluded that 16 candidates
probably form physical systems. One of these is a wide DA + DB
binary, only the second such system identified to date. We have de-
termined the effective temperatures, surface gravities, masses and
cooling times of the components of our 16 binaries. We have com-
bined the sample with three similar systems previously known from
the literature to lie within the DR7 footprint to construct a mass dis-
tribution for 38 white dwarfs in young, wide double-degenerate bi-
naries. A comparison between this and the mass distribution of the
isolated field white dwarf population reveals them to have broadly
similar forms, each with a substantial peak around M∼0.6M⊙.
However, there is a slight excess of the most massive white dwarfs
in the binary sample which could be related to the primordial sep-
aration distribution of the progenitor systems and the expansion of
binary orbits during the late stages of stellar evolution. We have
shown how our sample can be exploited to probe the origins of un-
usual white dwarfs and found at marginal significance that the pro-
genitor systems HFMWDs are preferentially associated with early-
type stars, at least within these pairings. Finally we have used the
19 young, wide double-degenerate systems to test the stellar IFMR.
Within the relatively large uncertainties, no system appears to be
strongly discordant with our current understanding of the relation.
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